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Abstract 

The "Yellow Buttercup", Hibbertia hypericoides occurs abundantly in association with several different 

vegetational types in the south west of Western Australia. In remnant urban bushland at Perth, Western 

Austral ia, seeds are collected by iv/oMelophorus species, Rhytidoponera violacea (Forel) and Iridomyrmex discors 

(ForeI).Inbanksialowwood]andatCooljarIoo,aspeciesofthe/r/do»iyrme.rrw/on/^crgroup and Rhytidoponera 

violacea (Forel) collect seeds of H. hypericoides. One of the Melophorus species discriminates between 

potentially viable seeds, which are enclosed by a pulpy aril and non-viable seeds which show only a thin, 

short aril. Large numbers of potentially viable seeds are collected; the aril is consumed and the seeds 

discarded in the refuse heaps of the colony. The aril is rich in lipids, and the most common fatty acid in both 

seed and aril is oleic acid. Preliminary laboratory experiments indicate that seed germination is similar in 

sand collected around ant nests and sand collected elsewhere in the same habitat. 

INTRODUCTION 

Many Australian native plants produce seeds with fleshy 

and highly nutritious appendages, called food bodies or 

elaiosomes (Semandcr 1906; Berg 1975). In numerous plants 

these are the arils, structures growing from some part of the 

ovule, or funicle, after fertilization (Corner 1976; Takhtajan 

1991). Ants, attracted to the elaiosome, may carry the whole 

diaspore (seed plus elaiosome) to their nest and consume the 

food body but leave the seed intact. Such seed dispersal is 

called myrmecochory. In contrast, seed harvesting 

(granivorous) ants destroy the whole diaspore (Berg 1975; 

Major & Lamont 1985; Andersen 1990; Majer 1990; Hughes & 

Westoby 1992a). 

Myrmecochory is particularly common in the dry 

sclerophyll vegetation of Australia (Berg 1975; Davidson & 

Morton 1981a,b; Rice & Westoby 1981) and South Africa 

(Milewski & Bond 1982). Plants are assumed to benefit from 

®ced dispersal by ants since seeds may be carried to more 

advantageous germination sites (Handel 1976; Davidson & 

Morton 1981a,b; but see Drake 1981; Hughes & Westoby 

1992a). Seeds that have been handled by ants may also 

germinate better (Horvitz 1981). Furthermore, seed disper- 

^al by ants may allow colonisation of more distant habitats, 

^nd dispersed seedlings may escape competition from par- 

plants and siblings (Berg 1975). Finally, seeds inside the 

nest may be protected from fire (Berg 1975) and predators 

(Heithaus 1981). The ants, in return, benefit from their 

^yrmecochorous behaviour since the elaiosome is rich in 

^^pidsand vitamins (Bresinsky 1963; Beattie 1985;Oostermeijer 

1989; Hughes & Westoby 1992b). 

Viable seeds of Hibbertia (Dilleniaceae) are partly or com¬ 

pletely enclosed by a pulpy aril. Ants are important dispersal 

Agents of seeds of H.vestitata, H.obtusifolia and H.ovata (Drake 
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1981; Berg 1975; Hughes & Westoby 1992b) in Eastern Aus¬ 

tralia, and it has been shown for Hibbertia ovata that the aril 

functions as an elaiosome (Hughes & Westoby 1992b). The 

only observations on seed dispersal for Western Australian 

Hibbertia species are for H. cuneiformis. Seeds of this species 

are enclosed by a pulpy, bright orange aril and are collected 

by birds (N Marchant, quoted in Stebbins & Hoogland 1976). 

Hibbertia hypericoides, the "Yellow Buttercup" is wide¬ 

spread in low banksia woodlands from Augusta to 

Northhampton, Western Australia (Wheeler 1987), and of¬ 

ten dominates the understorey of a site. Mature seeds are 

either brown, red or black. Brown and red seeds have a short 

transparent aril, but black seeds are almost fully enclosed by 

a white, pulpy aril. Black seeds contain firm, white 

endosperm, but brown and red seeds are characterized by 

shrivelled or no endosperm. Hence only black seeds are 

potentially viable. Initial observations indicate that ants 

collect the seeds of H. hypericoides soon after they have 

dropped to the ground. 

Here we describe seed collecting ants and the amount 

and type of seeds taken, and examine the following hypoth¬ 

eses: (1) ants collect potentially viable seeds more often than 

non-viable seeds, (2) the aril is rich in lipids, (3) ants are 

attracted to the aril, and (4) germination of seeds as well as 

survival and growth of seedlings is higher in ant nests than 

elsewhere in the same habitat. 

METHODS 

Study sites and voucher deposition 

Field study sites were in Kings Park and Wireless Hill 

Park, both within the Perth metropolitan area. Western 

Australia (n5‘'50' E, 31‘’56’ S), and Cooljarloo, ca. 200 km 

north of Perth near Cataby (115°35' E, 32‘’0' S). The natural 

bushland of Kings Park and Wireless Hill Park is character- 
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ized by low banksia-sheoak woodland {Banksia attenuata, B. 

menziesii, Allocasuarimfraseriam, A. huinilis) with jarrah (Ew- 

califptus marginata) and marri (£. calophylla) interspersed. 

Hibbertia hypericoides dominates the understorey, with indi¬ 

vidual plants on average between 3 and 5 m apart. Other 

common understorey plants are Macrozatnia riedlei, 

Xanthorrhoea preissii, SHrlingia latifolia, Hypocalymma robustum 

and Jacksonia sternbergiana. The naturalbushland at Cataby is 

open low banksia-sheoak woodland interspersed with vari¬ 

ous Melaleuca species, Conospermum stoechadis and 

Hypocalymma robustum. 

Plants with ripe fruits were visited in Kings Park, Wire¬ 

less Hill Park and at Cooljarloo in December 1990. Seed 

collecting ants were recorded and sampled for subsequent 

identification. Voucher specimens are held in a reference 

collection at the School of Biology, Curtin University or in the 

Australian National Insect Collection. When species names 

were unavailable they are either identified with Curtin Uni¬ 

versity code numbers QUM) or, if voucher specimens are 

deposited there, with Australian National Insect Collection 

codes (ANIC). 

Seed yield 

During December 1990 a total of 40 nests of the most 

significant seed collecting ant species were visited in Kings 

Park and Wireless Hill Park. At Cooljarloo 16 nests were 

visited. The numbers and types of H. hypericoides seeds in the 

refuse heaps were counted, then the upper 30 cm of the soil 

layer of each nest was removed in order to determine the 

number and type of seeds inside the nest (Shea et al. 1979 

found no seeds buried deeper than 30 cm by ants of Melophortis 

sp. 1 (ANIC) in the southern jarrah forest). The distance 

between each ant nest and the nearest H. hypericoides plant 

was recorded. 

Lipid content of seed and aril 

Since the nutritional value of seed and aril is mainly due 

to lipids, a chemical analysis was carried out in order deter¬ 

mine the lipid content of seed and aril in H. hypericoides. 

Diaspores (black seeds with pulpy aril) were collected in 

December 1990 in the Perth metropolitan area, and the aril 

was removed. Seventy five mg of both arils and seeds were 

analysed for lipids. 

Samples were homogenised with 2 ml of isopropanol; 

3 ml of hexane was then added to each sample, and the 

mixtures allowed to stand for 12 h at room temperature. The 

supernatants were removed and the residues re-extracted 

using the same procedure. Supernatants were pooled for 

each sample and evaporated either under vacuum or with 

nitrogen. The residues, which contained the 'Tipid fraction", 

were weighed to establish the yield. 

Lipid fractions (10-50 mg) dissolved in toluene were 

subjected to a methylation process by adding 4 ml of 1% 

sulphuric acid in methanol and allowing to stand for 12 h at 

50°C. Five ml of 5% aequeous sodium chloride solution was 

added to each sample, followed by 5 ml of hexane. The 

mixtures were thoroughfully shaken and allowed to sepa¬ 

rate. The supernatant from each mixture was removed and 

the residue re-extracted with an additional 5 ml of hexane. 

Supernatants for each sample were pooled and then passed 

through a column of anhydrous sodium sulphate. These 

methylated lipid fractions in hexane were used for gas- 

chromatograph / mass-spectrograph analyses. 

The methylated lipid fractions, which contained methyl¬ 

ated fatty acids (FAMES) were analysed using an Hewlett 

Packard GC-MS (Model 5971). Chromatography was per¬ 

formed with an Econocap** Carbowax 20M column (ID 

0.32 mm and film thickness 0.25 p) using helium as the 

carrier gas. The initial column temperature was 50''C for 

5 min, followed by an increasing gradient of 5"C min * to a 

temperature of 240‘’C, with the latter temperature being held 

for at least another 20 min. Run times were approximately 

one hour. FAMES were identified by using known retention 

times of standards, and mass spectra. 

Attractiveness of the aril 

A choice experiment was conducted to determine if the 

aril is the main attractant to ants of Melophorus sp.l. Fifteen 

of their nests were randomly selected in Kings Park in 

December 1990. Three seeds, one black and shiny seed with 

a pulpy aril, one brown seed with a short, brittle aril, and one 

black seed without an aril (the aril had been removed with 

forceps), were placed 50 cm away from each nest. Ant 

behaviour towards these seeds was observed in terms of the 

time ants spent attending the seeds, whether the aril was 

consumed and whether the seeds were carried into the nest. 

All observations were made from 10 am to 1 pm, when 

temperatures were above 25'’C. 

Effect of soil on germination 

The following experiment was performed in order to test 

whether the soil inside ant nests is beneficial to the germina¬ 

tion of H. hypericoides seeds. Freshly collected (in 1990) black 

seeds were air dried for 3 weeks at room temperature and 

then planted in sand trays. Sand was collected from the 

natural habitat in Kings Park. Sand was taken randomly 

(from any open area which was not close to an ant nest), from 

underneath H. hyf^ericoides bushes, and from ant nests of 

Melophorus sp. JDM 358. Sterilized coarse river sand was 

used as a fourth treatment. Between 3 and 6 sand trays were 

prepared with each of the four soil types, twenty five seeds 

placed in each. All trays were prepared at the end of Decem¬ 

ber 1990 and left unwalered in the glass house of the School 

of Environmental Biology until the 20*'" of March 1991, when 

watering commenced. Surface soil temperatures from De¬ 

cember to February ranged from 30 to 45®C during the day. 

Tlie number of germinating seeds was counted every second 

day until the 30**' of September 1991, when watering ceased. 

Watering of the trays re-commenced in March 1992, and the 

number of germinating seeds was counted regularly until 

the beginning of September 1992. 

Survival of seedlings in the field 

In Kings Park and Wireless Hill Park, plants and ant nests 

were scrutinised for seedlings in December 1991. Seedlings 

were tagged with flagging tape, re-visited in June 1992, and 

the number of surviving seedlings was recorded. 

RESULTS 

Ants as seed collectors 

Ant species observed collecting seeds of H. hypericoides in 

the study sites belong to the genera Melophorus (Family 

Formicinae), Rhytidoponera (Fam. Ponerinae) and Iridomyrmex 
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(Fam. Dolichoderinae). Melophoriis sp JDM 358 was the main 

collector of H. hypericoides seed in I^gs Park and Wireless 

Hill Park in 1990 (Table 1). Other ants taking seeds of H. 

hypericoides are Melophorus sp. 1 (ANIC), Iridomyrmex discors 

(Forel) and Rhytidoponera violacea (Forel). At Cooljarloo, 

Rhytidoponera violacea (Forel) and a species oithe Iridomymiex 

rufoniger group removed seeds of H. hypericoides (Table 1). 

Attractiveness of the aril 

The aril of potentially viable seeds of H. hypericoides 

functions as an elaiosome. Melophorus sp. JDM 358 is at¬ 

tracted to the aril of potentially viable seeds. Ants either take 

black seeds which are enclosed by an aril to the nest imme¬ 

diately or consume the aril first and then take the seeds back 

to the nest. Seeds without arils attached are less frequently 

Table 1 

Frequency with which different ant species collected seed of H. hypericoides as a percentage of the total number of observa¬ 

tions (N) in three study sites in December 1990. Dashes: species was not observed in study site. 

Site N Melophorus sp. 

JDM 358 

Melophorus sp. 1 

(ANIC) 

R. violacea I. discors 7. rufoniger group 

Kings Park 63 70 20 5 5 - 

Wireless Hill 32 100 - - - - 

Cooljarloo 16 - - 70 - 30 

Nests of Melophorus sp. JDM 358 are abundant in Kings 

Park and Wireless Hill Park and are on average 1.24 m (n = 

24) and 1.5 m (n = 36) respectively from the nearest Hibberfia 

plant. At Cooljarloo, nests of Rhytidoponera violacea are on 

average 1.2 m from the nearest H. hypericoides plant (n = 16). 

In the Perth metropolitan area, Melophorus sp.l (ANIC) and 

Melophorus sp. JDM 358 start building (or re-open) nests from 

the previous season in September. They collect large num¬ 

bers of Hibbertia petals which are carried inside the nest and 

subsequently discarded outside the nest on refuse heaps or 

middens, hours or days later. Ants begin to collect seeds at 

the end of October and continue until December when the 

last seeds mature. 

Seed yield 

Seed numbers were determined in nests of Melophorus 

sp.l (ANIC) and Melophorus sp. JDM 358 at Kings Park, in 

nests of an unidentified species of the Iridomyrmex rufiger 

group and in nests of Rhytidoponera violacea (Forel) at 

Cooljarloo, as well as in nests of Melophorus sp. JDM 358 at 

Wireless Hill Park. Ants mainly collected potentially viable 

seeds. Large numbers of black, potentially viable seeds lay 

discarded in colony middens at all study sites. The numbers 

of black seeds found around and inside ant nests ranged 

from 4 (Kings Park) to 49 (Cooljarloo) in 1990. (Kings Park: 

number of nests = 26, average number of seeds (mean ± SE) 

n = 4.3 ± 1.2; Wireless Hill Park: 14 nests, n = 9.9 ± 6.9; 

Cooljarloo: 16 nests, n = 48.6 ± 8.4) Of all seeds found, none 

had the aril still attached. In all three study sites, between 2 

and 5% of the seeds were brown. Although plants produce 

many more brown seed s than black seeds (see Schatral & Fox 

in press), brown seeds were collected only infrequently. 

Lipid content of seed and aril 

The most abundant fatty acids, in botli seed and aril are 

oleic acid, linoleic add, palmitic add and stearic add (Table 

2). Qualitative differences in the lipid content between seed 

and aril were not found. One saturated acid, lauric acid 

(C12:0), the unsaturated fatty adds C16:l(n-7), C16:l (palmitic 

add) and C18:l (oleic add) are relatively more abundant in 

the food body. C18:2 (linoleic acid) is more common in the 

Seed than in the aril. 

Table 2 

The abundance of fatty acids in seed and aril of H. hypericoides 

(black seeds only). Abundance is expressed as total % 

and as a ratio to oleic add. 

Fatty acid Name 

SEED ARIL 

% Ratio % Ratio 

12:0 Lauric low* - 0.4 0.8 

14.0 Myristic 1.3 3.5 0.7 1.4 

16:0 Palmitic 19.8 53.5 26.8 45.9 

16:1 2.1 5.8 2 4.3 

16:1 (n-7) Palmitic 0.3 0.9 4.6 9.8 

17.0 low* - 0.31 0.7 

18:0 Stearic 8.4 22.7 6.2 13.3 

18:1 (n-9) Oleic 37 100 46.7 100 

18:1 0.6 1.7 0 0 

18:2 (n-6) Linoleic 28.4 77 11.0 23.6 

18:3 (n-3) Linolenic 0.6 1.5 0.3 0.7 

20:0 Arachioic 0.5 1.5 0.5 1.2 

’ The amount was too small to be measured accurately. 

collected than black seeds with arils. Thus, 80 % of the black 

seeds with arils were taken back inside nests but only 53.3 

and 46.7 % of the brown and black seeds without arils, 

respectively, were taken. Brown seeds as well as black seeds 

without arils are attended for significantly shorter time 

periods (analysis of variance, F^^ = 5.53, p<0.05) than seeds 

with arils (time attended: n = 15; black seeds with aril, 40.4 ± 

5.8 min; black seeds without aril, 13.9 ± 2.6; brown seeds, 15 

± 2.5 min). After the seeds had been introduced, ants took 

only a few minutes to detect them. Seeds were usually 

attended by 2-12 minor morphs simultaneously (ants of the 

genus Melophorus show continuous polymorphism, J Majer, 

pers. comm.). However, in most cases a major morph helped 

to carry the seeds inside the nest. The time that elapsed until 

the ants carried the seeds back to the nest was not signifi¬ 

cantly different (analysis of variance, F^. = 0.014, NS) for 

black seeds enclosed by an aril and brown and black seeds 

without arils respectively (time taken to carry seed to nest: 

black seeds with aril, n = 11, 34.1 ± 6.3 min; black seeds 
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without aril, n = 7, 34.7 ± 6.5 min; brown seeds, n = 6,35.7 ± 

5.7 min). 

Ant dispersal and its effect on seed germination 

Seed germination is similar in sand collected around ant 

nests and sand collected elsewhere in the same habitat. 

During the first season, seeds germinated significantly slower 

(analysis of variance, = 4.28, p<0.05) in sterile river sand 

than in any of the three natural soil treatments (Table 3). 

However, the number of germinating seeds was not differ¬ 

ent between soil treatments after half of the experimental 

time period had elapsed and at the end of the experiment 

(analysis of variance on arcsine transformed data, after 50 % 

of time; F, = 1.1, NS; at the end of the experiment; = 0.11, 

NS). During the second season, seeds started to germinate 

significantly later in river sand than in any of the natural soil 

treatments (Fj „ = 14,4, p<0.05). After half of the experimen¬ 

tal time had elapsed, none of the seeds had germinated in 

river sand but a small percentage of the seeds in the natural 

soil treatments had done so (Table 3). The number of germi¬ 

nating seeds was not significantly different between the 

natural soil treatments (F^ g =17.11, p<0.05). At the end of the 

experiment, the final germination percentage was similar for 

river sand and the three natural soil treatments (F3 g = 0.009, 

Germination of seeds of H. hypericoides (mean ± SE, %) 

from 4 soils over two seasons; First day of germination 

(mean ± SE), germination (mean ± SE, %) after half of the 

experimental time period had elapsed and at the end of 

the experiment, n = number of replicates (= sand trays, 25 

seeds per tray). During the second season, fewer replicates 

were available since no germination was recorded for 

several trays. 

First Season First day of Germination % 

1991 Germination 

After half of At the end of 

the experiment experiment 

Soil Type n 

random 5 59 ± 6.2 10.0 ± 4.0 11.2 ±4.3 

bushes 3 76 ± 8.5 5.3 ±2.7 9.3 ± 5.8 

ant nests 5 54 ± 9.3 6.0 ± 2.0 6.4 ± 4.9 

river sand 6 108 ±15.0 4.3 ± 4.3 9.3 ± 4.9 

Second Season First day of Germination % 

1992 Germination 

After half of At the end of 

the experiment experiment 

Soil Type n 

random 4 

0
0

 

+
1
 4.5 ±1.5 5.5 ±1.5 

bushes 3 65 ± 2.9 4.5 ± 0.9 5.0 ± 0.6 

ant nests 4 74 ± 4.1 3.0 ± 0.6 4.5 ± 0.9 

river sand 4 123 ±10.6 0 6.0 ± 2.3 

Survival of seedlings in the field 

Seedlings were found close to, or on, seven of 40 (17.5 %) 

ant nests at Wireless Hill Park and Kings Park in December 

1991. The number of seedlings ranged from 2 to 15 (mean ± 

SE, 5.4 ± 1.67). Seedlings were also observed underneath 

parent plants, but the average number of germinating seeds 

was lower; of 60 plants examined, seedlings were detected 

underneath 19, with the average number of seedlings of 

1.3 ± 0.13. By June 1992, none of the seedlings had survived, 

regardless of its germination site. 

DISCUSSION 

Mclophoriis sp.l (ANIC) is one of the most significant seed 

takers in the northern jarrah forest (Major 1982). These ants 

collect elaiosomes although they sometimes consume entire 

seeds, depending on seed size (Majer 1982). However, the 

species is omnivorous, with arthropod fragments and seeds 

found scattered around the nests. Other Melophorus species 

are considered granivores (Davidson & Morton 1981a). De¬ 

tails of the ecology of Melophorus sp. JDM 358, the most 

significant collector of H. hypericoides seeds in Kings Park, are 

unknown. At Cooljarloo, Rhytidopouera violacea and 

Iridojnynuex rufotiigcr sp. collect seeds of H. hypericoides. In 

contrast, species of the genus Iridomyrmex have never been 

recorded eating seeds. 

Seeds of H. hypericoides drop passively to the ground as 

soon as they are ripe (dispersal mechanism is of the Viola 

odorata type; Semander 1906; Berg 1975; Drake 1981). Once 

dropped from the plant onto the ground, the seeds are 

removed rapidly. Similarly, ants in the dry sclerophyll forest 

on North Stradbroke Island in Queensland remove virtually 

all elaiosome bearing seeds within two days of seed fall 

(Drake 1981). The high removal rate of H. hyjjericoides seeds 

suggests that only few seeds remain underneath the parent 

plant, and therefore most seedlings would escape competi¬ 

tion with the parent plant and possible predators under¬ 

neath the plant. However, the accumulation of seeds around 

ant nests may cause strong competition with siblings (see 

below). It is not known whether seeds of H. hypericoides, once 

collected by elaiosomc-consuming ants, are subsequently 

removed by seed-feeding animals (see Hughes & Westoby 

1992b for a discussion of this problem). 

Since Melophorus sp. JDM 358 removes black seeds of H. 

hypericoides still enclosed by an elaiosome in preference to 

brown seeds and black seeds without the elaiosome, they 

must be able to discriminate between these seed types. Ants 

appear to choose between different seeds on the basis of size 

and/or the chemical compositon of the elaiosome. It has 

been found that the presence of elaiosomes increases the 

removal rates by Rliytidoponera metallica (Hughes & Westoby 

1992b) and other ants (Majer 1982; Oostermeijer 1989; Drake 

1981; Hughes & Westoby 1992b). Moreover, ants can distin¬ 

guish fertile Eucalyptus regtians seeds from chaff, and a 

reducing, sugary substance is regarded as the attractant 

(Ashton 1979). 

The chemical analysis demonstrates that both the aril and 

seed of H. hypericoides are rich in the same fatty acids. The 

elaiosomes of many plants arc rich in lipids, but the compo¬ 

sition of the lipids varies between species. Oleic acid is the 

major fatty acid present in the elaiosomes of Hepatica 

americam, Viola odorata and four other ant-dispersed North 

American herbaceous plants (Marshall et al. 1979, Skidmore 

& Heithaus 1988; Kusmenoglu et al. 1989). Oleic acid is also 

abundant in both elaiosome and seed of H. hypericoides. Oleic 

acid and especially 1,2 diolein, a diglyceride which is de¬ 

rived from oleic acid, are the main attractants for seed 

84 



Journal of the Royal Society of Western Australia, 77 (3), September 1994 

collecting ants (Marshall et al. 1979; Skidmore & Heithaus 

1988; Brew et aL 1989; Kustnenoglu et al. 1989; Hughes & 

Westoby 1992b). In contrast, Brcsinsky (1963) suggested that 

the diglyceride ricinolic acid attracts ants to the elaiosomes 

of Viola odorata. Further studies are necessary to determine 

which chemical substance in the elaiosome of H. hypericoides 

induces seed carrying behaviour in ants. 

Germination of H. hypericoides seeds in sand collected 

from ant nests is not enlianced compared with germination 

attained from sand collected underneath bushes, randomly 

collected sand and river sand. However, the conditions 

inside an ant nest will be more complex than the experimen¬ 

tal conditions. Moisture, temperature, aeration and the pres¬ 

ence of microorganisms may affect the germination of seeds 

in nature. Since seeds germinated more slowly in sterile river 

sand than in the natural soil treatments, river sand may lack 

nutrients and/or certain micro-organisms that promote the 

successful germination of seeds in natural soil. 

The death rate of seedlings observed in the field may be 

increased as a result of competition on the ant mounds 

(Beattie & Lyons 1975; Shea1979), although this hypoth¬ 

esis does not explain the equally high death rate for seedlings 

that grow underneath parent plants. Competition between 

siblings would be mainly for nutrients and water. The nutri¬ 

ent content of the soil has not been analysed during the 

present study on H. hypericoides. Majer (1982) has found no 

differences in total nitrogen or available phosphorus con¬ 

tents between soils from Melophorus sp. 1 (ANIC) nests and 

soils from control areas 1 m away from each nest. In contrast, 

nutrients are concentrated locally on the mounds of some 

other ants (Davidson & Morton 1981b). Drake (1981) is 

scepticalofthehypothesisthatantnestsarebeneficial germi¬ 

nation sites. It is not only that seed dumps may cause high 

competition between seedlings, but the nests of some 

myrmecochorous ant species do not appear to offer suitable 

germination conditions. Nests of R. mctalUca, for instance, 

are sometimes located in tree trunks and germination is 

highly unlikely because of the restricted depth of soil avail¬ 

able. 

Whether the removal of the aril benefits seed germination 

is unknown for H. hypericoides but it promotes germination 

in H. cuneifonnis (unpublished data). Simi larly, Horvitz (1981) 

found that the germination of the tropical perennial herb 

Calathea microcephala was enhanced by the removal of the 

elaiosome. 

AcknowledgtnctUs: This study was supported by the Mineral and Energy 

Research Institute of Western Australia (MERIWA). We are very grateful to B 

Heterick, T Postle, J Majer and S Shattuck for identification of the ants. J Majer 

also kindly read an earlier draft of this manuscript and we would like to thank 

him for his critical comments. 

References 

Andersen A N 1990 Seed harvesting ant pests in Australia. In: Applied 

Myrmecology (eds R K Van der Meer, K Jaffe & A Cedeno) Westview 

Press, Boulder, 34-39. 

Ashton D 1979 Seed harvesting by ants in forests of Eucalyptus regnans 

F. Muell. in central Victoria. Australian Journal of Ecology 4:265-2^. 

Beattie A J 1985 llie Evolutionary Ecology of Ant-Plant Mutualisms. Cam¬ 

bridge University Press, Cambridge. 

Beattie A] & Lyons N1975 Seed dispersal in Viola (Violaceae): adaptations and 

strategies. American Journal of Botany 62:714-722. 

Berg R Y1975 Myrmecochorous plants in Australia and their dispersal by ants. 

Australian Journal of Botany 23:475-508. 

Bresinsky A 1963 Bau, Enlwicklungsgeschichte und Inhaltsstoffe der 

Elaiosomen. Studien zur myrmekochoren Verbreitung von Samen und 

Fruchten. Bibliotheca Botanica 126:1-54. 

Brew C R, O'Dowd D J & Rae I D 1989. Seed dispersal by ants; behaviour- 

releasing compounds in elaiosomes. Oecologia 80:490-497. 

Corner E J H 1976 Tlie seeds of Dicotyledons. (2 volumes). Cambridge 

University Press, Cambridge. 

Davidson D W & Morton S R 1981a Myrmecochory in some plants (Family 

Chenopodiaceae) of the Australian arid zone. Oecologia 50:357-366. 

Davidson DW & Morion SR 1981bCompetition for dispersal in ant-dispersed 

plants. Sdence213:1259-1261. 

Drake W E1981 Ant-seed interactions in dry sclerophyll forest on Stradbroke 

Island, Queensland. Australian Journal of Botany 29:293-309. 

Handel S N1976 Dispersal ecology of Carex peduuculata (Cyperaceae), a new 

northern American myrmecochore. American Journal of Botany 63:1071- 

1079. 

Heithaus E R 1981 Seed predation by rodents on three ant-dispersed plants. 

Ecology 62:136-145. 

Horvitz C C 1981 Analysis of how ant behaviours affect germination in a 

tropical myrmecochore Calathea microcephala (P. & E.) Koernicke 

(Marantaceae): microsite selection and aril removal by neotropical ants 

Odontomachus, Pachycondylaand Solenopsis (Formicidae). Oecologia 51:47- 

52. 

Hughes L & Westoby M 1992a Fate of seeds adapted for dispersal by ants in 

Australian sclerophyll vegetation. Ecology 73:1285-1299. 

Hughes L & Westoby M 1992b. Effect of diaspore characteristics on removal 

of seeds adapted for dispersal by ants. Ecology 73:1300-1312. 

Kusmenoglu S, Rockwood L & Gretz M 1989 Fatty acids and diacylglycerols 

from elaiosomes of some ant dispersed seeds. Phytochemistry 28:2601- 

2602. 

Majer J D 1982. Ant-plant interactions in the Darling Botanical District of 

Western Australia. In: Ant-plant interactions in Australia (ed R C Buckley) 

Dr W Junk Publishers, The Hague, 45-61. 

Majer J D 1990. The role of ants in Australian land reclamation seeding 

operations. In: Applied Myrmecology (eds R K Van der Meer, K Jaffe & A 

Cedeno). Westview Press, Boulder, 544-554. 

Majer ] D & Lamont B B 1985 Removal of seeds of Grevillca pteridofolia 

(Proteaccae) by ants. Australian Journal of Botany 33:611-618. 

Marshall D L, Beattie A J & Bollenbacher W E1979 Evidence for diglycerides 

as attractants in an ant-seed interaction. Journal of Chemical Ecology 

5:335-343. 

Milewski A V & Bond W J 1982. Convergence of myrmecochory in 

mediterranean Australia and South Africa. In: Ant-plant interactions in 

Australia (ed R C Buckley) Dr W Junk publishers. The Hague, Nether¬ 

lands, 89-98. 

Oostermejer J G B1989 Myrmecochory in Polygala imlgaris L., Luzula campestris 

and Viola curtisii Forster in a Dutch dune area. Oecologia 78:302-311. 

Rice B L & Westoby M 1981 Myrmecochory in sclerophyll vegetation of the 

West Head, New South Wales, Australian Journal of Ecology 6:291-298. 

Schatral A & Fox J E D in press. Viability of seeds in the genus Hibbertia. Seed 

Science and Technology. 

Sernander R 1906 Entwurf einer Monographic der europaischen 

Mynnekochoren. K Svens.Vetenskasakad. 41:1-40. 

Shea S R, McCormick ] & Portlock C C1979. The effect of fires on regeneration 

of legume species in the southern Jarrah (Eucalyptus marginata) forest in 

Western Australia. Australian Journal of Ecology 4:195-205. 

Skidmore A B & Heithaus E R 1988 Lipid cues for seed-carrying by ants in 

Hepatica americaiia. Journal of Chemical Ecology 14:2185-2196. 

Stebbins G L & Hoogland R D 1976 Species diversity, ecology and evolution 

in a primitive angiosporm genus: Hibbertia (Dilleniaceac). Plant Systemat- 

ics and Evolution 125:139-154. 

Takhtajan A1991 EvoIutionaryTrendsinFlowering Plants. ColumbiaUniver- 

sity Press, New York. 

Wheeler J R 1987 Family 38: Dilleniaceae. In: Flora of the Perth Region. Vol. 1 

(eds N G Marchant, J R Wheeler, B L Rye, E Bennett, N S Lander, & T D 

Macfarlanc). Western Australian Herbarium, Department of Agriculture, 

119-133. 

85 


